Abstract: This work studies the Paschen law in electrical breakdown of a mixed geometry disc -conical electrodes from aluminum material at constant 10 cm distance using nitrogen gas. The discharge characteristices including discharge voltage, discharge current and breakdown voltage against the pressure-distance multiplied were measured at different pressures. The secondary electron emission coefficient was calculated using Townsend's secondary ionization coefficient equation. A comparison between two similar disc and conical structures with a mixed disc -conical structure was made for the breakdown voltage, discharge current and secondary electron emission coefficient. It is concluded that the values of secondary electron emission coefficient of conical cathode are higher than of disc cathode due to higher ions density on conical cathode than that disc one.
Introduction
The D.C gas discharge is used for many applications such as plasma display panels, lamps, surface modification, and biomedical applications, [1, 2] . The electrical characteristics (I-V) are linear for most the gas discharge. The linear form indicates that the voltage across the plasma remains nearly constant while the current increases, [3] . Also the (I-V) characteristic shows that the potential between the two electrodes increases with the increase of the discharge current. The breakdown voltage increases with the decrease of working gas pressure, [4] . The secondary electrons emission from the cathode surface is very effective, where the (I-V) characteristics changes according it, [5] .
In DC discharges, the breakdown is usually described by the standard Townsend's theory, [6] . It is represented by a Paschen curve in which the breakdown voltage, Vb, dependence on the multiplied of gas pressure, P, and gap electrodes distance, d, [7] . At high Pd, due to a large number of collisions, Vb is increased in order to enhance energy gain between collisions that the mean free path is getting shorter and the energy gained between two collisions becomes smaller. In the range of the Paschen minimum, the production of charges by ionization and secondary electron emission losses by attachment, diffusion and drift are well balanced.
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Townsend first ionization coefficient, α, is usually presented as similarity parameter, α/P, depending on the reduced electric field E/P. Where α/P = f (E/P) for different gases can be found, [8] . Each primary electron generated near a cathode produces [exp (αd) -1] positive ions moving back to the cathode. The ions lead to the extraction of γ [exp (αd) -1] electrons from the cathode due to secondary electron emission characterized by the Townsend coefficient, γ.
A. Townsend's coefficients
Paschen law is used to describe the mechanism of gas breakdown, [9] . Townsend introduced Townsend's first ionization coefficient, α, in order to explain the current increase as a function in the voltage drop, where the average current is equal to the number of electrons traveling per second and can be given by equation (1):
where Io is the current at the cathode, d is the electron traveled distance and α is the first Townsend's ionization coefficient.
The secondary electron emission coefficient, γ, plays an important role in determining the gas breakdown voltage as well as overall characteristics of the discharge. It provides the information on the efficiency of electron emission from the cathode due to ion bombardment. Emission by ions can be one of the major causes of electron emission, but it is never the only cause and not often dominant. To determine the effective coefficients, we will use the practical breakdown voltage, [7, 10, 11] . The theory for this calculation is based on γ and α that the latter expresses the number of single ionizing collisions by an electron in unit distance. These two coefficients appear in the self-sustaining condition for a homogeneous electric field and their relation can be given in equation (2), [12, 13] :
The first Townsend's ionization coefficient is the number of ionized ions by an electron through one centimeter distance. It depends on the gas pressure, or the gas density which is a function of collision mean free path, and the reduced electric field strength. The generalized form of α for planner diode can be expressed by equation (3), [13, 14] :
Where A and B are constants dependence on the used gas and equal to 10.95, 273.78 for nitrogen gas respectively, P is the gas pressure and E is the electric field.
The secondary electron emission coefficient effect is significant especially during the breakdown stage where the number of electrons is so small that the gas phase reactions can hardly sustain the discharge. Hence the breakdown voltage, which is one of the most essential parameters in discharge devices, is critically affected by the secondary electron emission coefficient. By considering that before and at breakdown, the electric field is uniform along the discharge axis and from equations (2) and (3) we obtain:
where V is the voltage applied between two electrodes. From equation (4), we can calculate the secondary electron emission coefficient that defined as the number of electrons emitted from 3/10 the surface for each incident ion or atom. The work function is the minimum energy required to remove an electron from a solid to point in the vacuum.
The random electrons produced by cosmic rays that can add to their number by ionizing gas molecules by collision. Each ionizing collision produces a new electron and a positive ion. The electron will migrate to the anode, the ion to the cathode and a small current will flow. An electron cannot do this unless it has acquired sufficient kinetic energy by being accelerated in an electric field that applied between the anode and the cathode. Electrons striking a metal surface can knock loose secondary electrons readily, but this is of little use for discharges, since the electrons impact the anode and secondary electrons would simply fall back into the anode. However, the positive ions can also create secondary electrons. Although this is not an efficient process, it produces electrons at the right place and can support a discharge.
Experimental Setup
Figure (1) shows Experimental setup of a mixed geometry disc-conical electrodes from aluminum material in the discharge tube. The anode -cathode is fixed at distance equal to 10 cm in a cylinder quartz tube of 50 cm length and 36.5 cm diameter. The two ends of this tube are closed by two cylindrical plastic insulators that prevent the gas leakage. One of them is mounted to the rotary pump to evacuate this tube up to 10 -3 Torr and the other one is connected to the needle valve to control the nitrogen gas flow which feeding through a fine controlled gas admittance needle valve to control and adjust the gas flow rate. A digital vacuum meter type 1005 Edwards is connected to the pump to measure the pressure inside the tube. The discharge was operated using nitrogen gas of purity equal to 99.99% at typical pressure values in the range 0.1 -0.6 Torr. The disc electrode geometry was 7.5 cm diameter and 1.0 cm thickness. The conical electrode geometry was 5.0 cm diameter base and 5.0 cm height. Electrical circuits for a mixed disc and conical anode -cathode from aluminum material as shown in figures (2, 3) . A 5kV -10mA digital Spellman type positive power supply of ± 3% accuracy is connected to the anode for initiating glow discharge and the cathode is connected to ground. A millimeter, mA, with range 10 mA is used to measure the discharge current between the anode and cathode, while a voltmeter, V, with range 0 -5000 V used to measure the discharge voltage between them.
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Experimental Results
The experimental results are measured for two cases that disc anode -conical cathode and conical anode -disc cathode from aluminum material. The disc has 7.5 cm diameter with 0.7 cm thickness while the cone has 5 cm height and 5 cm base diameter. The discharge voltage and current against the pressure -distance multiplied, Pd, were measured at different pressures using nitrogen gas. The secondary electron emission coefficient was calculated using Townsend's secondary ionization coefficient equation.
A. Discharge characteristics of mixed geometry disc-conical electrodes
Figure (4) shows breakdown voltage, Vb, versus discharge current, Id, for disc anode -conical cathode at different pressures using nitrogen gas at a distance of 10 cm. It's obvious that the breakdown decreases by increasing the discharge current until reaching 444 V at 2.3 mA, after that the discharge current increases linearly by increasing the discharge voltage and reaching 27.8 mA at 689 V. It is seen that the discharge is of the abnormal glow one.
Figure (5) shows breakdown voltage, Vb, versus discharge current, Id, for conical anode -disc cathode at different pressures using nitrogen gas at a distance of 10 cm. It is clear that the breakdown voltage decreases by increasing the discharge current and reaching a minimum value equal to 447 V at 1.4 mA, then the breakdown voltage increases by increasing the discharge current and reaching 968 V at 49.9 mA. When the applied voltage is increased, the current throughout the gap increases slowly, as the electrons emitted from the cathode move through the gas with an average velocity determined by their mobility for the field strength existing for the particular value of voltage. Impact ionization by electrons is probably the most important process in the breakdown of gasses, but this process alone is not sufficient to produce breakdown. Figures (6, 7) show breakdown voltage, Vb, versus Pd (Paschen curve) for disc anode-conical cathode and conical anode-disc cathode at different pressures respectively. It is clear that the breakdown voltage decreases by increasing the nitrogen gas pressure and reaching a minimum value equal to 444 V and 476 V at Pd equal to 1.64 Torr.cm and 1.51 Torr.cm, then the breakdown voltage increases by increasing the nitrogen gas pressure and reaching 689 V and 968 V for conical cathode and disc cathode respectively.
When the applied voltage is increased, the current throughout the gap increases slowly, as the electrons emitted from the cathode move through the gas with an average velocity determined by their mobility for the field strength existing for the particular value of voltage. Impact ionization by electrons is probably the most important process in the breakdown of gasses, but this process alone is not sufficient to produce breakdown. 
B. Comparison between mixed geometry disc-conical electrodes
A comparison of the breakdown voltage against the pressure -distance multiplied for mixed geometry disc-conical electrodes is made. Figure (8) shows comparison breakdown voltage, Vb, versus Pd (Paschen curves) for mixed geometry disc-conical electrodes at different pressures. It is clear that Vb decreases by increasing nitrogen gas pressure and reaching a minimum breakdown values equal to 450 V and 430 V at constant Pd equal to 1.5 Torr.cm for discs and conical electrodes. Then it increases by increasing pressures and reaching 1000 V and 700 V for discs and conical electrodes at Pd equal to 8 Torr.cm and 9 Torr.cm respectively.
Fig. 8. Breakdown Voltage versus Pd for Mixed geometry Disc-Conical Electrodes.
Figures (9, 10) show discharge current, Id, versus Pd (Paschen curve) for mixed geometry discconical electrodes at different pressures. It is clear that the discharge current increases by increasing the nitrogen gas pressure and reaching 27.4 mA, 49.9 mA at Pd equal to 9.12 Torr.cm, 8.3 Torr.cm for conical cathode and disc cathode respectively. Figures (12, 13) show secondary electron emission coefficient, , versus Pd for mixed geometry disc-conical electrodes at different pressures. It is obvious that  increases by increasing the nitrogen gas pressure until reaching 0.55 and 0.005 at pressure equal to 0.9 Torr and 0.8 Torr respectively.
Fig. 12. Secondary Electron Emission Coefficient versus Pd for Mixed Geometry
Disc-Conical Electrodes.
Fig. 13. Secondary Electron Emission Coefficient versus Pd for Mixed Geometry Disc-Conical Electrodes.
Figure (14) shows comparison of secondary electron emission coefficient, , versus Pd for mixed geometry disc-conical electrodes at different pressures. It is obvious that  increases by increasing the nitrogen gas pressure until reaching 0.4 and 0.005 at pressure equal to 0.83 Torr for conical cathode and disc cathode respectively. 
Conclusion
Practically the entire discharge voltage is concentrated in front of the cathode, in the cathode fall. The electrons are generated from the cathode surface by secondary emission due to energetic ions and fast neutrals bombardment. These electrons are accelerated in the potential drop in front of the cathode and form an electron beam. The net ionization probability per electron is so small that the electrons extracted from the cathode move through the cathode fall region almost without collision. Most of the ionizing processes take place very close to the cathode surface, where the electron energies are rather low and the ionization cross-section has a significant value.
The breakdown voltage has been measured for nitrogen gas discharge using mixed geometry disc-conical electrodes. The minimum breakdown voltage for the two different cathodes shapes occurs at the value of (Pd)min equal to 1.2 Torr.cm for disc cathode and at (Pd)min equal to 2 Torr.cm for conical cathode. The minimum breakdown voltage through the plasma means highest ionization cross section. From the Paschen curves for nitrogen gas, it is clear that the minimum breakdown voltage using conical cathode is lower than that disc cathode. This can be attributed to the higher efficiency of secondary ionization processes of disc cathode than of conical cathode.
The secondary electron emission coefficient using the measured values of the breakdown voltages and the first ionization coefficient for discs and conical cathodes has been estimated. It can be concluded that  increases by increasing the nitrogen gas pressure until reaching 0.55 and 0.005 for mixed geometry disc-conical electrodes at pressure equal to 0.9 Torr and 0.8 Torr respectively. Also, it can be concluded that the values of secondary electron emission coefficient of conical cathode are higher than of disc cathode due to higher ions density on conical cathode than that disc one.
